1. Introduction
===============

It has been proven that smouldering inflammation, thrombocytosis, and platelet hyper-reactivity are linked to malignancy.^\[[@R1],[@R2]\]^ Disturbances in blood platelet function and an imbalance of their absolute or relative number results from ongoing inflammation and contributes to coagulopathy, that is, venous thromboembolism, in cancer patients, including ovarian cancer.^\[[@R3]--[@R6]\]^

Considerable diversity in blood parameters has been reported in different groups of ovarian cancer patients, in terms of the severity of the disease. However, there are few data that clearly demonstrate the relationship between preoperative blood platelets parameters and disease progression in ovarian cancer or the health outcomes of patients. It has been demonstrated earlier by others that high platelet, high neutrophil, and low leukocyte counts in peripheral blood are related to advanced stages of ovarian cancer and are accompanied by poor patient prognosis.^\[[@R7]--[@R9]\]^ Differentiation of the neutrophil-to-leukocyte ratio (NLR) has been shown to correlate with invasive and borderline ovarian carcinomas.^\[[@R9],[@R10]\]^ A balance between platelets and leukocytes (ie, the platelet-to-lymphocyte ratio \[PLR\]) may correlate with the stage of ovarian cancer and patient prognosis.^\[[@R11],[@R12]\]^ In our previous papers, we have shown that the neutrophil activation stage might be related to more aggressive ovarian cancer.^\[[@R13],[@R14]\]^ In the present article, the diversity of platelet parameter values, especially in terms of histological type, is considered. Particular attention has been paid to mucinous carcinoma, as an entity separate from other histopathologic subtypes, for which the survival of patients is worse compared with other subtypes of epithelial ovarian carcinomas (EOC).^\[[@R15],[@R16]\]^

The study aimed to analyze the intradiversity of blood platelets parameters in EOC patients with different International Federation of Gynaecology and Obstetrics (FIGO) stages and different histological types of cancer. The platelet count, morphology, and platelet and leukocytes ratios in EOC and noncancer patients were compared, and selected parameters were analyzed in details. The newly proposed parameter, that is, platelet-to-neutrophil ratio (PNR), and also the quantitative relationships between the PNR values and the histological types of EOC, were considered.

2. Material and methods
=======================

2.1. Patients
-------------

The 1-center retrospective study was conducted at the Polish Mother\'s Memorial Hospital Research Institute, Lodz, Poland. Patients were admitted to the gynaecologic departments due to a pelvic mass. Patients with a history of any previous malignant neoplasia or gynaecologic operation, transplantation, autoimmune disease, diabetes, thyroid problems, or any signs of infection were excluded from the study. We finally included 94 patients with epithelial ovarian cancer into our analysis. The patients ranged in age from 24 to 88 years, and the ovaries or fallopian tubes were the primary sites of malignancy for all women. The clinical stage of ovarian cancer was established after laparotomy and pathologic examination, and it was based on the FIGO classification system.^\[[@R17],[@R18]\]^ Tissues removed during surgery were examined by a pathologist and were assessed for the following factors: tumor grade, histological type, and the presence of metastases, which were determined according to the FIGO and World Health Organization classifications. In accordance with a paradigm of the pathogenesis and origin of EOC, all cases were classified into 2 broad categories of ovarian cancer, according to the clinical, pathological, and molecular/genetic-based classification system proposed by Kurman and Shih^\[[@R19]\]^: type I tumors included mucinous carcinoma, low-grade serous, low-grade endometrioid, and clear cell cancers; and type II included high-grade serous, high-grade endometrioid, and undifferentiated carcinomas. The clinical and pathological characteristics of the patients are shown in Supplemental Table 1. Most patients were at advanced FIGO stages III to IV (70.2%). Serous carcinomas (35.1%) predominated in our patients, and type II ovarian cancer was established in 54.3% of the patients. Different cancer groups were age-matched (Supplemental Table 1). The diagnostic parameters of peripheral blood were presented in comparison to the "noncancer" group of patients. The "noncancer" group consisted of 50 age-matched generally healthy women who were admitted to the gynaecologic department because of static disorders of the vagina (*cystocoele*, *rectocoele*), without history or signs of endometriosis or inflammation, and without blood coagulation abnormalities.^\[[@R14]\]^ Institutional review board of Polish Mother\'s Memorial Hospital Research Institute approved the study. Ethical approval was not necessary for the analysis of database of diagnostic parameters.

2.2. Blood collection
---------------------

Peripheral blood samples were taken on the day of admission, before any drug or surgical treatment, and analyzed as previously described.^\[[@R14]\]^ The blood samples were analyzed using an automatic blood cell counter Vitros 5.1/Vitros 350 (Ortho Clinical Diagnostics, Inc., Raritan, NJ) at the Diagnostic Laboratory at the Polish Mother\'s Memorial Hospital Research Institute, Lodz, Poland, during preoperative workups of the patients.

2.3. Statistical analysis
-------------------------

Descriptive statistics were performed for each tumor type. The incidence of the same histological type was considered separately and then combined, when defensible. Endometrioid and clear cell carcinomas were included in 1 group ("other"). The FIGO I, II, III, and IV stages were divided into 2 groups "I to II" and "III to IV" for analysis. Differences between the clinical parameter values were calculated for cancer and noncancer patients through nonparametric Mann--Whitney *U* tests or chi-square tests. Relationships between the clinical parameters and clinicopathological features were analyzed through the Fisher exact test, chi-square tests, and the Kruskal--Wallis test. Significant data for clinical parameters were converted into 2 groups (dichotomizing) based on significant cut-off values calculated in the receiver-operating characteristic (ROC) analysis. The area under the ROC curve (AUC), sensitivity, selectivity, and statistical significance of the cut-off values were calculated.

Compliance of data distribution with normal distribution was evaluated using the Shapiro-Wilk test. Homogeneity of variance was verified by Levene test. The data values were log-transformed to fully meet the requirements of distribution normality and variance homogeneity, as necessary. Univariate and multivariate analyses of variance (ANOVA/MANOVA) and Newman-Keuls test for multiple comparisons were performed to examine differences between the different EOC groups. Wilks test was used in MANOVA. Multiple linear regression and multiple logistic regression analyses were employed for more than 2 variables, and *P* values under 0.05 were considered to be statistically significant. The Statistica software package, version 13.0 (StatSoft, Cracow, Poland), was used for the calculations.

3. Results
==========

3.1. EOC patients versus noncancer patients
-------------------------------------------

Epithelial ovarian carcinoma patients were characterized by an increased number of platelets, neutrophils, and monocytes, and significantly decreased lymphocyte numbers in their peripheral blood, compared with the control group (Table [1](#T1){ref-type="table"}). Thrombosis and leucocytosis occurred in one-third of the EOC patients. The evident increase in the platelet count and decrease in the number of lymphocytes in the EOC patients resulted in an approximately 2-fold higher PLR value compared with the noncancer patients (Table [1](#T1){ref-type="table"}). The most noticeable (approximately 2-fold) increase occurred in the number of neutrophils in EOC patients versus noncancer patients. Although the number of platelets increased, the ratio of platelets to neutrophils in EOC patients significantly decreased compared with noncancer patients. The differences in the platelet morphology parameters (eg, mean platelet volume, platelet large cell ratio, and platelet distribution width) of the cancer and noncancer patients, although statistically significant, were virtually irrelevant (Table [1](#T1){ref-type="table"}). The selected platelet parameters, related to platelet count, were then analyzed in relationship to the different cancer patient groups.

###### 

Parameters of cell counts in the peripheral blood of EOC and noncancer patients.
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3.2. Platelet parameter diversity in different groups of EOC
------------------------------------------------------------

The ROC analysis of platelet parameters was performed for different FIGO and histological cancer groups. The significant cut-off values for certain parameter is shown in Table [2](#T2){ref-type="table"}. The AUCs were significant for the platelet indices (ie, PLR, PLT), and it was large enough (0.653--0.687) to analyze the EOC, according to early and advanced FIGO stages. The specificities of classifications were good (range 0.786--0.821); however, the sensitivities were poor (0.523--0.556). The AUC was at the edge of significance for PNR, in terms of the FIGO stage (*P* = .056). However, the PNR cut-off value of 54, which distinguished between mucinous and nonmucinous carcinomas, had the largest AUC (0.721), with good sensitivity (0.826) and acceptable specificity (0.618), and it was significant (*P *\< .001; Table [2](#T2){ref-type="table"}).

###### 

ROC analysis results.
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On the basis of the ROC analysis results, the clinical parameters data were assigned to 2 groups: equal or above ("high"); and below ("low") the cut-off values. For example, PNR values ≥54 were identified as "high," and PNR values \<54 were "low." The median "low" PNR was 40.8 (range 9.9--54), the median "high" PNR was 66.9 (range 54.2--103; *P* \< .001, Mann--Whitney *U* test), the median "low" PLT (\<415 × 10^3^/μL) was 276 × 10^3^/μL (range 85--411 × 10^3^/μL), and the median "high" PLT (\>415 × 10^3^/μL) was 505 (range 416--699 × 10^3^/μL; *P *\< .001, Mann--Whitney *U* test). Relationship between the platelet parameters, and clinical and histological features of the EOC patients are shown in Table [3](#T3){ref-type="table"}.

###### 

Relationship between the platelet parameters and characteristics of EOC.
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All tested blood platelet parameters (ie, PLT, PLR, PNR) were significantly correlated with the FIGO stage (Table [3](#T3){ref-type="table"}). In early ovarian cancer (FIGO I--II) cases, the number of patients with high PLT was reduced compared with the FIGO III to IV cases, which is understandable because the number of platelets was also an indicator of inflammation in cancer patients. Low platelet count was correlated with early FIGO stages. Similar to PLT, low PLR and PNR values were correlated with early FIGO stages (Table [3](#T3){ref-type="table"}). The platelet count and PNR values were also correlated with the histological type of cancer (Table [3](#T3){ref-type="table"}). A significantly reduced number of patients with high PLT and high PNR values was observed in the group of mucinous cancer patients, regardless of whether the patients were divided into 2 (mucinous and nonmucinous; Table [3](#T3){ref-type="table"}) or 4 groups (mucinous, serous, undifferentiated, and others; Supplemental Table 2). Nonetheless, the Kruskal--Wallis test revealed that PNR was the only parameter significantly related to the histological type of cancer. Indeed, the PNR values for mucinous and nonmucinous carcinomas differed significantly: PNR~mucinous~ versus PNR~non-muc~, median, 41.5 (25.1--57.8) versus 57.5 (44.8--72.0) (*P *\< .001) (25th and 75th percentiles in brackets).

In accordance with a paradigm of the pathogenesis and origin of EOC that divides EOC into 2 categories (type 1 and 2), the platelet parameters were also compared in both groups. Although the occurrence of high and low platelet parameter values (PLR and PNR) significantly correlated with the type of cancer (*P* = .02 and *P* = .01, respectively, Supplemental Table 3), the Mann--Whitney *U* test calculated for continuous values of the parameters did not confirm this relationship (*P* values .13--.43, data not shown). Hence, it could be concluded that the platelet parameters were not related to the type of cancer.

The parametric approach to data analysis confirmed a significant relationship between the PNR and histological type of EOC, regardless of the FIGO stage. The PNR was a significant parameter that discriminated mucinous carcinoma in the univariate (*P* = .002; Supplemental Table 4) and multivariate analyses (*P* = .014; Wilks lambda test, Supplemental Table 4). These results are consistent with the ROC analysis, as described above. Moreover, PLR and PLT were not related to mucinous cancer. The univariate analysis showed that PLR and PLT significantly discriminated FIGO stages I to II and III to IV (Supplemental Table 4), but the multivariate analysis results did not reach the level of statistical significance (data not shown). The regression approach confirmed the analyses results, showing that low PNR values are related to mucinous carcinoma (*P* = .004, data not shown). In summary, as the only among a variety of analyzed platelet parameters, the PNR parameter has been shown to be statistically significant in terms of the histological type of the cancer, regardless of the disease stage (ie, FIGO stage).

3.3. PNR values versus cancer antigen 125
-----------------------------------------

The analysis of the cancer marker cancer antigen 125 (CA 125) was assessed through 2-factor ANOVA, including histological types of cancer and FIGO stages. In most primary ovarian mucinous cancers, CA 125 is not elevated,^\[[@R20],[@R21]\]^ which is their characteristic feature. In our study, the serum CA 125 levels were significantly lower in patients with mucinous carcinomas (median, 285 × 10^3^ U/mL, range 10--899 10^3^ U/mL) compared to patients with non-mucinous carcinomas (median, 788 × 10^3^ U/mL, range, 58--19,250 × 10^3^ U/mL; *P *\< .001, ANOVA, log-normalized values). The PNR values were significantly lower in mucinous cancer patients, similar to CA 125; therefore, we compared these 2 parameters. However, the PNR values, similar to CA 125, were lower in mucinous patients versus nonmucinous patients (*P* = .034, ANOVA), but this finding was not depended on the FIGO stage. MANOVA confirmed statistical significance. Thus, the relationships between CA 125 and PNR were convergent/similar only in respect to the histological type of cancer (Fig. [1](#F1){ref-type="fig"}A and B, right graphs), but not in the case of FIGO I to II and III to IV stages (Fig. [1](#F1){ref-type="fig"}A and B, left graphs). In summary, PNR was exclusively related to mucinous carcinomas, regardless of the FIGO stage. The relationships between the CA 125 or PNR and the other platelet parameters are discussed in details in the Supplemental material (Supplemental Figs. 1--3 and Supplemental text).

![Comparison of the mean PNR (A) and CA 125 (B) values in different FIGO stages and certain histological types of EOC. SE, standard error. The CA 125 values were log-normalized. The CA 125 level in the blood samples was measured using the Elecsys CA 125 II assay (Roche Diagnostics, IN), in accordance with the manufacturer\'s instructions, and expressed in 10^3^ U/mL. The comparisons were performed through 2-factor MANOVA followed by the Newman--Keuls test (^∗^*P *\< .05, ^∗∗∗^*P *\< .001). The main effect of the FIGO stage and histological type was significant (respectively, *P* = .0003 and *P* = .003, Wilks test). The FIGO stage and histological type were considered to be independent variables, there were no significant interaction between these variables (*P* = .6, Wilks test). CA 125 = cancer antigen 125, EOC = epithelial ovarian carcinomas, FIGO = International Federation of Gynaecology and Obstetrics, MANOVA = multivariate analysis of variance, PNR = platelet-to-neutrophil ratio.](medi-97-e0180-g004){#F1}

3.4. Analysis of patient survival
---------------------------------

It was well-documented that FIGO stages III to IV were related to poor survival in the EOC patients and were regarded as an independent prognostic factor. A 5-year overall survival rate for the FIGO III to IV patients (47.4%) was approximately half of the value for FIGO stage I to II patients (90.5%) in our study (Cox--Mantel test: *P *\< .001; log-rank test: *P *\< .001). The Kaplan--Meier analysis also showed a considerable difference between the survival rate of patients with elevated versus low PNR (cut-off 54, log-rank test: *P *= .011), especially in the early FIGO stage group (log-rank test: *P *\< .001). Cox proportional-hazards regression revealed significantly increased hazard ratio (HR) for patients with elevated PNR values (HR 1.643, confidence interval \[CI\] 0.904--2.985). Moreover, HR was more considerable in FIGO I to II group of patients (HR 2.419, CI 0.964--6.069). Statistical inference of HR calculation would be more significant for a higher number of patients (according to sample size test). However, the results shows tendency that elevated PNR index might correlate with poor survival of patients. On the contrary, platelet number alone was not significant parameter related to patients survival.

4. Discussion
=============

The high mortality rate and poor overall prognosis of patients are related to the late diagnosis of ovarian cancer. There is still a pressing need to analyze the inter-relationships between the diagnostic parameters before and after treatment to determine useful algorithms for clinical approaches and to understand cancer biology. In our work, we specifically attempted to evaluate the relationships between the platelet parameters in the blood of EOC patients, measured before treatment, in terms of histological heterogeneity of ovarian cancer and the disease severity. In our study, the overall analysis showed that the blood platelet parameters varied in EOC patients, not only compared with noncancer patients but also compared with different EOC groups. Regardless of some platelet count increases, the PNR was significantly lower in the EOC patients. The results of the detailed analysis of the platelet parameters in different groups of EOC patients are interesting. Certain analyzed blood platelet parameters were significantly associated with the histological type and/or FIGO stage of EOC.

4.1. PNR
--------

The PNR is less known and less used as a parameter associated with the pathogenesis of cancer. In this work, we analyzed the PNR values in different EOC groups. Our results revealed that low PNR values are characteristic of mucinous carcinoma, regardless of whether early or advanced FIGO stages are considered. While high platelet counts and an increased PLR are clearly associated with advanced FIGO stages, decreased PNR values are observed for FIGO stages I to II and III to IV in mucinous carcinoma patients. The ROC analysis showed fine sensitivity and good specificity for PNR. Although this descriptive research was not intended to explain the cause of the unbalanced proportion of platelets and leukocytes in patients with different types of EOC, the evident occurrence of low PNR values in patients with mucinous cancer is interesting and worthy of further discussion. Numerous reports have indicated that the mucins produced by mucinous adenocarcinoma might be present in the sera of patients, where they interact with the respective receptors on platelets, endothelial cells, or leukocytes (ie, P, E, or L-selectin, respectively), which could mediate undesirable interactions between platelets and leukocytes.^\[[@R22]--[@R24]\]^ Mucins of mucinous carcinomas of the ovary, heavily glycosylated proteins that carry specific ligands (sLea and sLex), are recognized by leukocyte and platelet receptors,^\[[@R25]\]^ and help to form platelet--leukocyte aggregates. It can be assumed that by forming platelet--leukocyte aggregates, enhanced interactions between platelets and leukocytes may explain the apparently reduced number of circulating blood platelets in patients with mucinous carcinoma.

Mucinous carcinomas are relatively rare among other types of EOC, and they are included in EOC type 1. However, at advanced stages, these tumors become lethal, and the survival rate among mucinous patients is worse than that among serous patients.^\[[@R15],[@R16],[@R26]\]^ Prognosis of this heterogeneous type of cancer is highly dependent on stage and morphology.^\[[@R16],[@R27]\]^ It has been proposed that mucinous should be considered as a separate entity, and also because of its specific treatment.^\[[@R15]\]^ In our study, the survival rate of mucinous patients with advanced EOC was considerably lower than that of patients with early mucinous EOC, and even lower than the survival rate of patients with other histopathologic EOC subtypes (Cox--Mantel test or log-rank test: *P* \< .05; data not shown). However, the reduced platelet-to-peripheral neutrophil ratio, similar to the lower level of CA 125, was characteristic for all mucinous EOC patients, regardless of patient survival. On the contrary, high PNR values (\>54, a cut-off in our study) was related to poor survival of EOC patients. This tendency was clearly visible, especially in the group of FIGO I to II patients. Because mucinous carcinoma is relatively rare, multicenter retrospective studies for larger group of patients would be valuable to confirm this conclusion.

4.2. Other parameters
---------------------

Other authors have shown that a high PLR value correlated with an advanced stage of ovarian cancer, which provided a better predictive value than the broadly described neutrophil-to-lymphocyte ratio (NLR) and might influence patient survival times.^\[[@R12]\]^ Our research showed that the relationship between PLR values and FIGO stages was highly significant, although the diagnostic importance of PLR should be viewed with caution. However, despite high specificity (82.1%), the ROC analysis showed low sensitivity (52.3%) for the PLR parameter, meaning that even though most cancers will truly be classified as advanced, based on the PLR values, many slowly advancing cancers could be falsely included into this group. In their work investigating CA 125 parameters, Kim et al have reported that in terms of the discrimination of PLR values, the sensitivity and specificity of FIGO staging was not satisfactory (60.5% and 57%, respectively).^\[[@R28]\]^ However, this result does not change the fact that enhanced PLR, similar to broadly described NLR, is a considerable indicator of systemic inflammation and significantly related to an advanced FIGO stage in ovarian cancer patients. Moreover, other researchers have shown that the high preoperative values of NLR and PLR are associated with poor patient survival rates.^\[[@R29]--[@R33]\]^ On the contrary, EOC patients with lower PLR or NLR values have an extended period of remission and survival.^\[[@R30],[@R31]\]^ The relationship between these parameters and CA 125 in EOC patients is slight, and they are not satisfactorily specific in the ROC analysis (Supplementary material). We assumed that PLR and NLR, even combined with CA 125 levels, are not important as diagnostic parameters.

5. Conclusions
==============

In conclusion, analysis of the available clinical data (in this case, blood morphology) has shown that EOC histological heterogeneity is accompanied by a specific pattern of an impaired ratio of platelets and leukocytes. The elevated values of platelet-to-peripheral neutrophil ratio might correlate with poor survival of EOC patients. On the contrary, the reduced PNR, similar to the decreased level of CA 125, is characteristic of mucinous EOC patients, which may be due to the biological properties of the diseased tissue. Further research is needed to investigate whether this basic feature is related to the clinical aspects of the haemostatic and blood coagulation disorders found in patients with this type of EOC.
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